Institutions differ in their motivations, structure, and susceptibility to external influences. First, we focus on the political, economic, social, and legal influences during the development of communication technologies. The institutional reactions to these influences are embodied in code. Second, we focus on the decision-making issues in the review process for code. This process determines the code's content and affects the dissemination of code through the decision whether to publicly release the code.
design of PICS helped to avoid regulation, but it does not provide a sustainable economic model to encourage the use of PICS.
The review process for code differed among institutions. The factors included the type of decision makers, the criteria for the decision, as well as the decision making process. For example, a university provides its researchers autonomy in deciding the code's content and when to release code. But a university expects the code to be publicly released. The open source movement utilizes a process that is transparent and allows anyone to publicly comment on its code. As a result, problems in the code can be quickly found and corrected. Thus, the institution where a technology is designed plays a crucial role in the values incorporated into a communications technology.
I. INTRODUCTION
The most compelling method of online regulation is not law but code. 1 Code consists of the hardware and software of communication technologies and is the architecture of cyberspace.
It is code that defines and creates online worlds, such as the Internet, for communication, commerce, and education. Code is not neutral but affected by biases that favor certain groups or values. 2 For example, the code of search engines has been shown to favor wealthy and powerful web sites. 3 To better understand how code regulates, we are conducting a number of historical case studies on code. Our first goal is to understand the origins of code. Our initial analysis found that different institutions design and develop technologies differently. 4 This paper analyzes the role of institutions in the design and development of code in two areas. First, we consider the influence of social, political, economic, and legal factors on the development of code.
Institutions respond differently to these influences and the results are embodied in code. To investigate these institutions we have conducted four case studies. The case studies include the development of the first popular web browser, NCSA Mosaic, and the most widely used web server, Apache. The other two case studies focus on cookies and the Platform for Internet Content Selection (PICS). Cookies allow web sites to maintain information about their visitors. While PICS is a standard for labeling web pages for the purpose of limiting access to inappropriate material. This paper is organized as follows. Part II provides a short background on the four case studies. Part III discusses the social, economic, political, and legal influences on each institution.
Part IV focuses on the review process for code. This is the decision-making criteria and processes an institutions follows to decide when and what code to release. Andreessen was inspired by this demonstration and begin investigating the web through the www-talk newsgroup hosted by CERN. Eventually, he began work on NCSA Mosaic after learning the shortcomings of the other early web browsers. In less than a year, NCSA Mosaic was available for the Unix, Windows, and McIntosh operating systems.
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NCSA Mosaic rapidly become the de facto method of accessing the web and introduced millions of people to the web. In 1994, the student programmers left NCSA to form Mosaic Communications Corporation, which became Netscape Communications Corporation.
B. Cookies
Netscape developed cookies for their first web browser. At the time, Netscape was under extreme pressure to rapidly develop a browser. They knew their existence depended upon being first.
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To gain adoption, Netscape decided to emphasize security, commerce, and performance in its web browsers and servers.
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One of the most important innovations Netscape developed was cookies. Cookies allowed web sites to maintain information about their visitors. However, with this ability came a host of privacy and security implications.
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In early web browsers, the Internet was a stateless place. 
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The most serious problem with cookies is third party cookies. The intent of Netscape's cookies specification was to only allow cookies to be written and read by the site the person was visiting. For example, if the New York Times placed a cookie on a computer, Amazon.com could not read or modify the New York Times cookie. The purpose of this was to provide security and privacy by only allowing access to information that the site authored. However, Netscape's cookies specification allowed components of a web page to place cookies. A new breed of businesses, the online advertising management companies, has exploited this loophole.
Many sites contract out their banner advertising to advertising management companies.
These companies find advertisers for web sites and ensure that the banners appear on the web This led individuals to begin to "patch" problems they found. An example of a patch was the addition of password authentication by Brian Behlendorf. Other patches improved the security and performance of HTTPd. 22 Eventually, there were a number of patches for HTTPd circulating across the Internet.
However, if someone wanted the benefit of these patches, they would have to download the 10 latest version of HTTPd, and then manually apply all the latest patches. 23 This prompted users of HTTPd to consider updating NCSA's code. According to Østerlie, the individuals saw themselves as disgruntled customers. They were simply filling the gap left by the departure of NCSA's original programmers to Netscape. 24 Behlendorf began to contact other programmers. 25 By February 1995 the group put together a mailing list called new-httpd and began circulating patches.
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The project was named Apache, after all, the joke name for the server was "A PatCHy server". The goal of the project was to fix the existing problems and to add enhancements to the server. A key feature of this project was the commitment to keeping the server code available to anyone for free. 
D. PICS
The history of PICS begins with proposed legislation to regulate indecent speech on the At the time, the W3C was a newly emerging consortium seeking to develop web technologies.
In August of 1995 the W3C began planning the development of the Platform for Internet Content Selection (PICS). According to Berners-Lee, the Director of the W3C, "the PICS technology was created specifically in order reduce the risk of government censorship in civilized countries. It was the result of members of the industrial community being concerned about the behaviour of government." 34 The threat of government censorship was tangible because of worries about cyberporn and the CDA. Soon after, the W3C was able to persuade IHPEG to join in the PICS efforts. 35 By November of 1995 the PICS technical subcommittee released for public review the PICS specifications. PICS could limit access through two methods. First, web sites could self rate their content. They could attach labels that indicated if content contained nudity or violence. Secondly, the PICS specification supports the establishment of third party labeling bureaus to filter content. For example, the Simon Wiesenthal Center could operate a service that filtered out neo-Nazi hate sites. This allows the filtering of web sites without relying on self-rating. In December 1996, the W3C made PICS an official "recommendation", the highest recognition a standard can receive by the W3C. 36 The final version of the CDA was signed into law on February 8, 1996. Immediately, a lawsuit was filed seeking to overturn the CDA.
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Albert Vezza, Chairman of the W3C, testified at the trial. His testimony concerned the use of PICS as a method for content selection.
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The judges were very interested in Vezza's testimony, especially his conclusions that the web has developed almost entirely because the government has stayed out of the way. 
III. INFLUENCES IN THE DEVELOPMENT OF CODE
There are a variety of influences on the development of code. This part considers the role of political, social, economic, and legal factors. We focus on the entire process of design, development, and implementation of code. While these can be analytically different, our research found these phases intertwined. 41 This section begins with the analysis of universities. This is continued to firms, the open source movement, and consortia. Table 1 summarizes the results of this part and the next section on the review process for code. 
A. Universities
The NCSA Mosaic case study found a number of influences that affect the development of code in a university. These influences affected not only NCSA but also CERN. We treat 41 For example, consider the changes to NCSA Mosaic between the first beta release by Andreessen to a final 1.0 release. The implementation process involved considerable feedback from users, which in turned changed the original design of the software by fixing bugs and adding enhancements, see generally IAN SOMMERVILLE, SOFTWARE ENGINEERING (5 th edition) 210-212 (1995) (the design of software is an iterative process based upon feedback from earlier designs).
14 CERN as a university style of institution. CERN's structure and motives as a government sponsored basic research laboratory is akin to a university. The first notable influence on the development of code was the autonomous research environment. This provides considerable discretion to researchers for the development of code. The next influence focuses on the limited resources at universities. The lack of resources affects both the content of code as well as the process of development. The third influence is the desire for peer recognition by the developers.
The first influence is the autonomy and freedom given to developers within university research environment. The result is pioneering code. There is a direct link between the freedom of researchers and the innovative code produced in a university setting. One study found that the innovative research of Nobel Prize winners depends upon an institutional environment that is characterized by freedom. not absolute freedom, and not endless time and boundless resources, but freedom above all to use one's own personality in pursuit of a scientific objective, freedom to pursue hunches down possibly pointless avenues of exploration and freedom to theorize, experiment, accept, or reject, according to the principal investigator's own judgment, with no interference. 42 The case studies show that NCSA and CERN allowed their researchers considerable freedom in their projects. CERN was an institution devoted to fundamental research with little regard to the potential profits of innovative results. CERN's computing environment promoted the development of new software from running the coke machine to software for a physics experiment. 43 Within this institutional environment, Berners-Lee was allowed to work on his radical proposal for creating a networked hypertext program, the World Wide Web. Similarly, NCSA Mosaic was developed in an academic environment that gave Andreessen considerable autonomy.
42 JOHN HURLEY, ORGANISATION AND SCIENTIFIC DISCOVERY 4 (1997). 43 BERNERS-LEE, supra note 6, at 43.
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The next factor is the limited resources within universities. The lack of resources affects the code's content as well as the process of developing code. The lack of resources can lead university researchers to focus on developing the building blocks and standards for future work.
So instead of developing a large complex program, a university researcher may instead focus on demonstrating that such a program could be completed. This was illustrated during the development of the web. Berners-Lee lacked the resources to develop web browsers for the major computing platforms. So instead he focused on developing standards and reusable building blocks of code. These blocks of code were known as libwww and became the basis of future web browsers and servers. 44 The lack of resources affects the process of developing code. For example, projects at universities can't depend upon a large staff. The consequence is that functions such as technical support and documentation are viewed as extras and therefore not fully supported. Moreover, the lack of resources gives researchers the impetus to seek resources outside the university. This was evident in the development of the web. Berners-Lee did not have a staff inside CERN and began to look for development help outside CERN. 45 He was able to persuade university students to develop web browsers. Erwise, the first browser for X-Windows, was written by students from Helsinki University in 1992. 
B. Firms
Firms produce goods and services which they expect people to buy. 18 their software to the Internet through the web concept. But none of them were interested in his vision. They didn't think there was any money to be made. 54 The focus on consumer demands ignores the needs of citizens or society. Firms are not concerned about social values that are deemed unprofitable. Despite the fact, that these values may be important to citizens. In the case of cookies, Netscape was not going to spend its resources developing unprofitable code to minimize the privacy loss of cookies. This explains why early versions of Netscape contained no cookie management tools or even documentation about cookies. Security is another value that is deemed unprofitable. Firms are ignoring security, because firms do not think that improved security will increase their market share.
Thus the lack of security is a deliberate business decision in some products. 55 As a result, there has been a rash of security problems for the Internet that affects everyone. 56 This neglect of society's long-term interests by firms is natural. This calls for government intervention to provide incentives for firms to consider general social values.
Finally, the case study of cookies shows how firms are affected by political and media pressure. Firms react to political and media pressure. This is another influence on the behavior of firms. This was evident in our cookies case study when the media uproar over online privacy problems led to hearings by the Federal Trade Commission (FTC). The hearings only touched the surface of the privacy issues and technical features. But at both hearings, Netscape was forced to discuss how cookies work and how Netscape would improve privacy. As a result, the 54 BERNERS-LEE, supra note 6, at 26-28. This is not unique to this case study. During the development of the Internet, AT&T ridiculed the concept of "packet based" communication, which the Internet would later be based upon. AT&T didn't see any reason for such a new communication method and actually refused to allow "their" network to carry such communication even though the U.S. In the case of Apache, the developers were trying to improve a web server that they used. This was a purely utilitarian concern. At times, the open source movement can be defiant to economic and political influences.
It was the open source movement that refined and distributed the decentralized file sharing system Gnutella. Moreover, the open source movement is now attempting to create an anonymous decentralized file sharing system. This system, Freenet, will make it impossible for governments to track down users or remove information.
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A third influence is the problem of the lowest hanging fruit. This problem acknowledges that volunteers want to work on interesting tasks. Unlike in firms, there is no leader who can command or require anyone to do anything. This problem is endemic in open source projects and is described accordingly:
Those who can program naturally tend to work on programs they find personally interesting or programs that looks cool (editors, themes in Gnome), as opposed to applications considered dull. Without other incentives other than the joy of hacking and "vanity fair" a lot of worthwhile projects die because the initial author lost interest and nobody pick up the tag.
64
Thus this leads to projects which developers think are interesting, such as a C complier or an mp3 player. The consequences are that developers may not work on code that is in greater demand or more socially beneficial.
This problem occurred during the development of Apache. At one point, work on Apache dramatically slowed. Østerlie notes this crisis occurred when the work before the group were of a menial kind. According to Østerlie, "because of the difficulty of integrating new features with the existing NCSA code base, the "lowest hanging fruits" had been picked. Thus in order to get further with enhancing the web server a total rewrite would be necessary. This would be a difficult and mundane task."
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The problem of the lowest hanging fruit was also manifested during the development of web browsers. The development of web browsers, such as NCSA Mosaic and Erwise, relied on volunteer programmers all across the world. According to Berners-Lee, these developers were more interested in "putting fancy display features into the browsers-multimedia, different colors and fonts-which took much less work and created much more buzz among users.
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Berners-Lee wanted the developers to focus on a much more substantive issues-the addition of editing features to the browser. The concept of a browser/editor was important for Berners-Lee.
He envisioned the web as a place where it should be as easy for people to publish as it is to read.
Berners-Lee believes that the reason people focused on browsing over writing and editing features was that it just wasn't fun to create an editor.
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Thus the problem of the lowest hanging fruit can bias the development of code towards what is interesting for developers.
D. Consortia
A consortium consists of a number of firms engaged in cooperative research and development. Their rationale is to fund research that is useful to all of them and would not otherwise be developed by a single firm.
68
The work might not be completed by one firm because of the sheer cost or the need for a standard which competing firms will adopt. As a result, the largest influence on the development of code within a consortium is its member firms.
In our case study, the primary motivation for PICS was the result of pressure from the media, politicians, and the law on the members of the W3C. Secondly, the structure of the W3C influenced the development of PICS.
66 BERNERS-LEE, supra note 6, at 71. 67 Id. at 57. A consortium allows a number of firms to work together to develop a technical solution useful to all of them. One use of a consortium is to develop a technology to prevent government regulation and allay the fears of politicians. This was illustrated in the PICS case study. PICS developed in response to pressure from the media, politicians, and the CDA on the members of the W3C. According to James Miller, cochairmen of the PICS Technical Committee, PICS was motivated by desires to avoid regulation. Miller remarked that, "if we hadn't had the bill going through congress [the CDA] there is no way this group would have come together, in fact its evidenced by the fact we had been asked at our previous members meeting by both IBM and AT&T to look into this, and nothing had happened." The pressure led to the W3C placing PICS on a rapid development cycle. As Miller revealed, the timetable for the development of PICS was set by lawyers challenging the constitutionality of the CDA. And when the CDA was found unconstitutional, the development of software for PICS was essentially abandoned.
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The structure of a consortium also influences the development of code. A closed private process is consistent with consortia that strive for the rapid development of standards. This was used by the W3C in the development of PICS. The team consisted of a dozen people largely from the consortium's membership. The team communicated privately during the entire developmental process.
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This allowed them to complete their work in a matter of weeks.
A consequence of the consortia's structure is the inadequate consideration of the needs of entities who are not members, such as independent software vendors and end users. This can result in ineffective and technically poor solutions.
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This occurred in the development of PICS.
PICS's system of third party labeling bureaus was not based upon a sustainable economic model 69 Today, PICS rests upon web users and web sites labeling their own pages. There is no server software to operate third party labeling bureaus for PICS, see infra note 85. 
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for filtering software vendors. Consequently, PICS is of little use to firms selling filtering software to libraries and parents. Similarly, the assumption by the PICS team that most people would self-rate the content of their pages was totally unreasonable. These are understandable consequences, because the needs of end users and the commercial filtering firms were not addressed.
The consortium approach formulated in PICS is being attempted again in the context of privacy with Platform for Privacy Preferences (P3P) project. Once again, a consortium appears as a natural solution to political pressure. The consortium approach is trying to head off government regulation by claiming an industry solution or self-regulation. In the case of P3P, the W3C has worked with industry to ensure that P3P will be widely adopted by the software vendors, such as Microsoft. However, in doing so, they have neglected the end user and built a product that reflects the industry's view of privacy and not the expectations of most people. The decision to disseminate code publicly is natural within a university. This is consistent with the academic norms of openness and the need to publish research. These norms support the involvement of public comment and criticism once the initial work is completed.
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This is how Berners-Lee and Andreessen acted. They both released their code publicly through the Internet and asked for feedback. They considered the public as their customers. 26 university allows its researchers autonomous decision-making power during the review process but expects them to disseminate their code publicly.
B. Firms
Firms are focused on releasing code that is profitable. Profitability is the criterion for releasing code. This leads to a review process in which the decision-makers and the process are private. There is no reason to provide information about potential code to rivals. Moreover, there is tremendous pressure on firms to introduce their code rapidly into the market to gain advantage over competitors. This process was evident in Netscape's behavior. Netscape analyzed the potential market and then decided to develop both a web browser and a web server.
They believed the addition of features supporting commerce would be profitable. Furthermore, they understood that their decisions had to be made quickly to gain a competitive advantage. 
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C. Internet Engineering Task Force
The next institution of interest is the Internet Engineering Task Force (IETF). We have not explicitly discussed this institution in this paper for two reasons. First, the IETF does not develop code. The IETF develops standards so code can interconnect and interoperate. 
D. Open Source
The open source movement also follows the Internet adage, "rough consensus and running code." The review process is open to public comment, from which rough consensus is judged. As a result, the open source movement can quickly identify problems in the code. This quality is also found in the IETF review process. For example, during the development of Apache over 3000 people contributed reports on problems with the code. 80 The number of decision makers can range from democratic to authoritative. In the case of Apache, there was a core group of people who made the decisions. This clique of developers determines the final form of Apache through a voting process. 
E. Consortia
The review process of a consortium depends upon its structure chosen by its membership.
The final decision maker for the W3C is its director. Naturally, he is going to do something that most of the members support, because member support is vital for a consortium. Thus the decision is not subject to market forces, but the discretion of the consortium's members. The result is consortia may develop standards such as PICS, which firms have little economic incentive to implement.
Typically, a consortium has a choice between speed and consensus. The more parties involved in the decision making process, that is consensus, the longer the process of review. In the case of the W3C, its process is geared towards speed over consensus. The 
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can take years to develop a standard. 84 The tradeoff is that its members may not support some of these standards. In the case of PICS, only a few firms ever fully supported all the capabilities of PICS in their products.
V. CONCLUSION
This paper has shown the importance of institutions during the development process of code. We sought to identify different factors that influence the development of code as well as the decision making process to release code. We found these factors vary by institution. As a result, institutions differ in the values that they incorporate into code or communications technology.
The influences that affect code within a university are the autonomy of the researchers, the lack of resources, and the desire for peer recognition. These factors aid in the creation of innovative code such as NCSA Mosaic. Within a firm, the influence on the design of code is the anticipation of consumer demand. A consequence is that firms do not develop code that is deemed unprofitable. But a firm's code can be influenced by pressure from the media and politicians. In contrast, the open source movement's reliance on volunteer developers may lead to code that is unprofitable and politically unpalatable. However, the open source movement's reliance on volunteers can lead to a lack of work on projects that are considered uninteresting.
Finally, we noted that the goals and structure of a consortia's are heavily influenced by the 84 Roy Rada, Consensus Versus Speed, in INFORMATION TECHNOLOGY STANDARDS AND STANDARDIZATION: A GLOBAL PERSPECTIVE 21 (Kai Jakobs ed., 2000). 85 In tandem with the lack of a business model for public labeling bureaus was the lack of support from software vendors. The server software for creating label bureaus was only developed for a few servers. Most notably, Netscape and Microsoft did not have this feature. The W3C's web page indicates the only commercial server software was IBM, see http://www1.raleigh.ibm.com/pics/servers.html. IBM dropped support for PICS when it adopted Apache as its web server, for example see http://www-1.ibm.com/servers/eserver/iseries/software/http/services/apache.htm. Although the W3C's Jigsaw server supports PICS, however it is not intended as a production system but instead as a reference system to test standards. 31 demands of its members. It was the desire for the W3C's members to avoid regulation that led to the development of the PICS protocol. Similarly, the structure of the W3C favored a speedy private development process.
The review process for code differs by institution. These differences included the criteria for dissemination of code, who the decision makers were, and the public nature of the process.
Within a university, it is the developers who decide when to release code. They are not subject to any criterion, but are obliged to make their code publicly available. Firms are instead subject to an economic criterion. Consequently, firms will chose their own economic well being over values such as privacy that may be unprofitable. Firms also use private decision-making with an emphasis on speed during the review process. We discussed the role of the IETF's review 32 general societal problems with institutions. When are problems best solved by government or by a firm? The analysis in this paper will then allow for the development of normative proposals. These proposals will focus on how the government and the private sector can encourage innovative code that is responsive to societal concerns.
